Objective Published data regarding the association between xeroderma pigmentosum group D XPD Lys751 Gln polymorphisms and esophageal cancer (EC) cancer remain controversial. The present meta-analysis aimed to obtain a more precise estimation of the relationship between XPD Lys751Gln polymorphisms and the risk of EC. Methods All eligible case-control studies of Lys751Gln polymorphisms and susceptibility to EC were selected from PubMed, Web of Science and CNKI up to October 2013. The data were extracted, and pooled odds ratios (ORs) with 95% confidence intervals (CIs) were calculated. Results A total of 21 case-control studies from 19 reports were assessed in this meta-analysis, including 6,581 cases and 8,251 controls. There was a significant association between the XPD Lys751Gln polymorphism and the risk of esophageal cancer in the overall population (Dominant model: OR=1.30, 95%CI: 1.07-1.57, p<0.05; Lys/Gln vs. Gln/Gln: OR=1.20, 95%CI: 1.05-137, p<0.05; Gln/Gln vs. Lys/Lys: OR=1.76, 95% CI: 1.08-2.85, p=0.02; Recessive model: OR=1.48, 95%CI: 1.06-2.07, p=0.02). Similar results were found when stratified according to the cancer type, ethnicity and control source. However, no associations were found among smokers or drinkers. Conclusion The results of this meta-analysis suggest that XPD Lys751Gln polymorphisms contribute to susceptibility to EC.
Introduction
Esophageal cancer (EC) is the sixth most common cause of cancer-related death worldwide (1) , remaining one of the most deadly malignancies in China. EC is divided into two types according to biopsy findings: esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EADC). The five-year survival rate of ESCC is less than 10% in China and less than 20% in the USA (2) . EADC is the most prevalent histologic form in North America and Europe, whereas ESCC is the most common histologic form found in China. Risk factors for EC include smoking, alcohol consumption, Barrett' esophagus and esophageal reflux disease (3) (4) (5) (6) (7) (8) .
Gene mutations are the most frequent cause of DNA damage. There are four DNA repair pathways, with the nucleotide excision repair (NER) pathway being the most versatile for lesion recognition and DNA repair (9) . The xeroderma pigmentosum complementation group D (XPD) and xeroderma pigmentosum complementation group C (XPC) repair bulky DNA adducts. Experimental reports have suggested that XPD Lys751Gln (Lys Gln) polymorphisms may increase susceptibility to esophageal cancer, lung cancer, bladder cancer and other digestive system cancers (10) (11) (12) (13) (14) , and many molecular epidemiological studies have investigated the relationship between XPD Lys751Gln polymorphisms and the predisposition to esophageal cancer. However, the results of these reports remain inconclusive and inconsistent. Therefore, this meta-analysis aimed to evaluate the association between XPD Lys751Gln polymorphisms and susceptibility to esophageal cancer. 
Materials and Methods

Search strategy
A comprehensive research was performed using PubMed, Web of Science, Embase and CNKI (up to October 2013), using the following key words: 'XPD polymorphisms or XPD Lys751Gln polymorphisms', 'genetic polymorphism or polymorphisms or variant', 'esophageal cancer', 'ERCC2' and 'DNA repair gene'. The search was limited to humans, without language restrictions. All eligible studies were examined carefully, and if more than one cancer type group was reported in a given report, then each type was extracted separately.
Inclusion and exclusion criteria
The included studies conformed to the following criteria: (1) an assessment of the association between XPD Lys751 Gln polymorphisms and esophageal cancer, (2) a casecontrol study design, (3) the inclusion of the detailed genotype frequencies of the cases and controls or data that could be calculated from the article text, (4) human subjects and (5) the inclusion of the sample size, odds ratio (OR) and 95% confidence interval (CI). The major exclusion criteria were: (1) a case-only study design, (2) a lack of data regarding the XPD Lys751Gln genotype, (3) the inclusion of duplicate data, (4) case reports or review articles.
Data extraction
Information was carefully extracted from all eligible studies by two independent investigators (Guo X.F. and Wang J.). If the two investigators reported different results, a discussion was conducted in order to reach an agreement. Finally, an expert (Dong W.G.) was invited to verify the information. The included studies contained the following information: the first author's name, year of publication, country of origin, ethnicity, cancer type, genotyping methods and number of cases and controls. Ethnicities were categorized as Asian, European or mixed. The cancer type was categorized as ESCC or EADC.
Statistical analysis
The Cochrane Collaboration RevMan 5.1 software program was used in this meta-analysis. The χ 2 -test-based Q statistic test was performed to assess the degree of study heterogeneity (15) . The effect of heterogeneity was quantified according to the I 2 value. A significant Q test (p<0.05) or I 2 >50% indicated heterogeneity across studies, in which case, the random effects model was used (16) . Otherwise, the fixed effects model was applied (17) . A professional web-based program (http://ihg2.helmholtz-muen-chen. de/ egibin/hw/hwal.pl) was used to assess the Hardy-Weinberg equilibrium of the controls. The dominant model (Lys/Gln+ Gln/Gln vs. Lys/Lys), recessive model (Gln/Gln vs. Lys/ Gln+Lys/Lys) and co-dominant model (Lys/Gln vs. Lys/Lys and Gln/Gln vs. Lys/Lys) were employed in this analysis. The level of publication bias was assessed according to Egger's and Begg's tests with the STATA Software 12.0 package. Funnel plots were also used to evaluate the degree of publication bias.
Results
Study characteristics and results
After being examined carefully according to the inclusion criteria, 20 studies were excluded and a total of 19 studies with 6,581 cases and 8,251 controls were included in the meta-analysis. A flow chart of the selection process is presented in Fig. 1 . Two cancer types were included in the studies by Pan and Ye; therefore, there were 21 case-control studies in this meta-analysis (23, 28) . As shown in Table 1 , there were 14 case-control studies, including 3,457 cancer cases and 4,855 controls, of the XPD Lys751Gln polymorphism and ESCC risk and seven studies, including 1,726 cases and 3,396 controls, of the XPD Lys751Gln polymorphism and EADC risk. A total of 12 studies focused on Asian populations, six studies focused on European populations and three studies focused on mixed populations.
Overall analysis
The overall analysis showed significant between-study heterogeneity (p<0.05, I 2 >50%); hence, the random effects model was used for the four models of each genotype. Consequently, there was a significant association between the XPD Lys751Gln polymorphism and the esophageal cancer risk in the overall population (Dominant model: OR=1. 30 Fig. 2-5 ). In addition, the results showed that the XPD Lys751Gln polymorphism moderately increased the risk of EC.
Subgroup analysis
In the subgroup analysis according to cancer type, we observed a significant association between the Lys751Gln polymorphism and the risk of ESCC in three models (Dominant model: OR=1.27, 95%CI: 1.04-1.55, p=0.02; Lys/Gln vs. Gln/Gln: OR=1.17, 95%CI: 1.01-1.36, p=0.03; Gln/Gln vs. Lys/Lys: OR=1.79, 95%CI: 0.99-3.21, p=0.05; Fig. 6 ). However, no significant associations were found in the four models for the risk of EADC (Dominant model: OR=1.32, 95%CI: 0.87-2.00, p=0.19; Lys/Gln vs. Gln/Gln: OR=1.23, 95%CI: 0.92-1.64, p=0.16; Gln/Gln vs. Lys/Lys: OR=1.41, 95%CI: 1.13-1.78, p=0.23; Recessive model: OR=1.56, 95% CI: 0.67-3.65, p=0.31; Fig. 6 ). When stratified according to ethnicity, the results showed a statistically elevated risk for Asians and Europeans, but not mixed populations (Asian: Dominant model: OR=1.27, 95%CI: 1.04-1.55, p=0.02; Lys/ Gln vs. Gln/Gln: OR=1.16, 95%CI: 1.01-1.34, p=0.04; Gln/ Gln vs. Lys/Lys: OR=2.00, 95%CI: 1.03-3.88, p=0.04; European: Gln/Gln vs. Lys/Lys: OR=1.44, 95%CI: 1.12-1.85, p< 0.01; Recessive model: OR=1.29, 95%CI: 1.03-1.62, p= 0.03). Furthermore, we conducted a subgroup analysis of the control sources and found a significantly increased risk in both the population-based controls (PB) and hospital-based controls (HB) groups (For PB, Lys/Gln vs. Lys/Lys: OR= 1.32, 95%CI: 1.11-1.58, p=0.002; Dominant model: OR= 1.52, 95%CI: 1.13-2.04, p=0.006; For HB, Gln/Gln vs. Lys/ Lys: OR=1.53, 95%CI: 1.08-2.16, p=0.02; Recessive model: OR=1.43, 95%CI: 1.09-1.89, p=0.01). However, the subgroup analysis based on smoking and drinking habits showed no significant associations between the XPD Lys751 Gln polymorphism and the risk of EC in any of the four genotype models.
Sensitivity analysis
There was significant heterogeneity in both the overall and stratified studies. Therefore, the random effects model was employed in the OR calculations. In order to examine the source of heterogeneity, we conducted further subgroup analyses according to the type of cancer, ethnicity, control source and smoking and drinking habits. In the subgroup analysis of the cancer type, significant heterogeneity was found in two studies (21, 34) 2 =96-0%). Excluding these two studies resulted in a reduced I 2 of 29%, 45%, 29% and 0%, respectively. Therefore, these two studies were deleted from the subgroup analysis. We then excluded all studies individually in order to test the sensitivity. However, the heterogeneity did not change significantly, indicating that our results were statistically stable and credible. Furthermore, the shape of the funnel plots did not show any signs of asymmetry, which suggests that there was no evidence of publication bias among the studies (Fig. 7 ).
Discussion
It is well known that DNA repair is a crucial mechanism protecting against gene mutations and carcinogenesis. XPD (also named ERCC) is located at chromosome 19q13.2-q13.3 and encodes an ATP-dependent DNA helicase (37) . Accumulating evidence indicates racial differences in this gene in the overall population. For example, a study by Horner et al. showed that 64% of EADC patients are white, while 82% of ESCC patients are black (38, 39) . Meanwhile in China, 95% of patients have ESCC (40) . It has also been demonstrated that patients carrying the Gln allele are more prone to developing EC. Furthermore, previous studies have shown that the XPD Lys751Gln polymorphism plays an important role in the development of EC. However, the opposite results have also been reported in some studies. In this meta-analysis, we aimed to confirm the precise association between the XPD Lys751Gln polymorphism and the risk of EC.
This study is the largest meta-analysis of XPD Lys751Gln polymorphisms in EC patients conducted to date. Our results showed a significant association with EC in the overall population. However, we also documented between-study heterogeneity and thus further performed subgroup analyses. Consequently, a significant association was found for both ESCC and EADC. In addition, in the subgroup analysis of ethnicity, all four gene models showed a statistically significant association between the XPD Lys751Gln polymorphism and the EC risk in Asians, while two models showed this result for European populations (Gln/Gln vs. Lys/Lys: OR= 1.44, 95%CI: 1.12-1.85, p<0.01; Recessive model: OR= 1.29, 95%CI: 1.03-1.62, p=0.03), but not mixed populations. The most likely reason for this discrepancy is the presence of differences in genotype distribution among Asian, European and mixed populations. The present findings differ from those of the analysis performed by Ding and Yuan (41, 42) , perhaps due to the assessment of a higher number of cases and controls in this meta-analysis. However, in the subgroup analysis of the control source, a borderline significantly increased risk was noted in both hospital-based and population-based studies. Therefore, bias may have caused the heterogeneity and/or various outside factors may have increased the risk of EC in our analysis. Yu et al. reported that the risk of ESCC among smokers with the XPD 751 Gln/Gln genotype is increased eight-fold compared to that observed in wild-type homozygotes (29) . In addition, Chen and Sobti et al. found that alcohol intake increases the risk of EC (24, 26) , although studies by Zhou, Wu and Xing et al. did not find the same results (21, 25, 30) .
Although a lot of effort and energy have been expended to confirm the association between the XPD 751 polymorphism and the EC risk, the limitations of published studies should not be ignored. First, the number of cases and controls in each study was small and not uniform. Second, the source of controls was not a uniform population in each study, which may have induced non-differential misclassifi-cation bias. Third, although we included the factors of smoking and drinking in this meta-analysis, the genotype in various studies (24, 30) lack detailed classification, which may indicate bias. Fourth, all EADC patients were from European populations in this meta-analysis, whereas the ESCC patients included both Asians and Europeans. Furthermore, we did not analyze the differences between Asians and Europeans among the ESCC patients in the analysis stratified according to ethnicity, which may have introduced bias into the subgroup analysis results for ESCC. Finally, significant heterogeneity was found in some models, which indicate a failure to confirm marginal associations. In spite of these limitations, our meta-analysis has various advantages. First, nine additional case-control studies were included, which significantly increased the statistical power of the analysis. Second, the quality of the case-control studies included in the current meta-analysis was satisfactory and met the inclusion criteria. Third, the forest map did not show significant publication bias.
In conclusion, the results of this meta-analysis indicate that the XPD Lys751Gln polymorphism increases susceptibility to esophageal cancer in Asian and European, but not mixed, populations. Therefore, the XPD Lys751Gln polymorphism may contribute to the risk of esophageal cancer, including ESCC and EADC. Well-designed studies with large samples are needed for further research.
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